The title metal-organic coordination complex 1, [Zn(pt)(Biim) 2 ] (pt = = phthalate, benzene-1,2-dicarboxylate, Biim = 2,2'-biimidazole), was obtained by hydrothermal synthesis and characterized by single crystal X-ray diffraction. The complex crystallized as monoclinic, space group P2 1 /n with a = 8.5466 ( The complex was also investigated by elemental analysis, IR spectroscopy, themogravimetry and theoretical calculations.
INTRODUCTION
The design and synthesis of metal-organic framework structures have been studied widely during the past decade not only because of their intriguing architectures but also because of their unexpected properties for potential practical applications in a wide number of fields, such as asymmetric catalysis, magnetism, photoluminescence, etc. [1] [2] [3] These novel structures can be rapidly and efficiently synthesized from some subunits, whereby the metal ion, bi-or multidentate organic ligand and coordinate bonding are the important factors for the self-assembly processes. Consequently, investigations in this field have led to many materials with interesting structures. 4 178 TENG et al.
The structural characteristics of and characterization of some metal complexes, such as [Cd(C 8 H 4 O 4 )(C 7 H 6 N 2 ) 3 ] n , has been reported 5 and some metal complexes containing the pt ligand (pt = phthalate, benzene-1,2-dicarboxylate) were synthesized and characterized. 2,2'-Biimidazole (Biim), a good nitrogen and hydrogen donor, can regard as a robust heteromeric hydrogen-bonded synthon. As the five-membered rings also contain π electrons, π-π interactions may be formed when the distance between the two rings is befitting. 6, 7 In this article, a new Zn(II) complex with pt as the first ligand is reported. EXPERIMENTAL 2,2'-Biimidazole was prepared according to a reported method. 8 Other chemicals from commercial sources were of reagent grade and used without further purification. Infrared spectra (KBr pellets) were taken on a Perkin-Elmer 240C spectrometer. The thermal analysis was performed on a Diamond DSC type thermal analyzer. (2,2'-biimidazole) 
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Crystal structure determination and physical measurements
A single crystal with dimensions of 0.360 mm×0.316 mm×0.218 mm was mounted at 293(2) K. All measurements were performed on a Bruker CCD diffractometer using graphite--monochromated MoK α (λ = 0.71073 Å) radiation in the ω scan mode (5.00 < 2θ < 52.14°). A total of 17514 reflections were collected and 4134 were independent with R int = 0.0252, of which 3656 were observed with I > 2σ(I). A correction for Lp factors was applied. The structure was solved by direct methods using the SHELX-97 program and refined with SHELXL--97 9 by full-matrix least-squares techniques on F 2 . All H atoms were positioned geometrically and refined as riding atoms, with C-H = 0.93 Å and N-H = 0.86 Å, and with Uiso(H) = 1.2 Ueq(C,N). All non-hydrogen atoms were refined anisotropically and hydrogen atoms isotropically. The final R = 0.0564 and wR = 0.1851, w = 1/(σ2(Fo 2 ) +(0.1466P) 2 +1.1882P) where P = (Fo 2 +2Fc 2 )/3. S = 1.057, (Δρ) max = 0.70, (Δρ) min = -0.71 e/Å 3 and (Δ/σ) max = 0.002. The selected important bond parameters are given in Table I .
Crystal structure deposition for complex 1. Supplementary crystallographic data for complex 1 is deposited at the Cambridge Crystallographic Data Centre under CCDC 739928. Further details of the crystal structure investigation may be obtained via http:// //www.ccdc.cam.ac.uk/data_request/cif.
RESULTS AND DISCUSSION
Crystal structure of [Zn(pt)(Biim) 2 ] 1
The single crystal X-ray diffraction analysis revealed that complex 1 crystallizes in the P2 1 /n space group. There are one Zn(II) ion, one pt ligand and two Biim ligands in the asymmetric unit ( Fig. 1 ). (Table I) .
Each carboxyl group of pt is in a single-dentate coordination mode, i.e., the two carboxyl groups are both deprotonated; this was proved by the absence of the characteristic double peak at around 1600 cm −1 in the IR spectrum. In this coordination mode, the title complex formed a monomeric structure.
In the crystal lattice of the title complex, strong N-H⋅⋅⋅O hydrogen bonds exist (Table II) . The nitrogen atoms N(2), N(3), N(6) and N(7) of the biimidazole ligands act as donors, while the acceptor O atoms come from the carboxyl oxygen of the pt ligands. The individual structures linked by strong hydrogen bonds form a two dimensional planar grid structure (Fig. 2) .
TABLE II. The hydrogen bonds of the title complex (symmetry transformations used to generate the equivalent atoms: #1: -x+3/2, y+1/2, -z+1/2; #2: -x+1, -y, -z; #3: (1) In addition, C(13)-H⋅⋅⋅O(4)# (#: -1/2+x, 1/2-y, 1/2+z) hydrogen bond interactions exist. 10 These inter-molecular contacts link neighboring two-dimensional planar structures to a three dimensional supramolecular structure. Complex 1 also contains π-π interactions and C-H⋅⋅⋅π interactions (Table III) . These intermolecular interactions stabilize the crystal structure. (2) 3.677(4) 6.04 3.327 3.344 Cg (2)→Cg (1) 3.677 (4) 
IR Spectrum of complex 1
The IR spectrum of complex 1 contained a weak band at 3144 cm -1 of ν N-H and ν C-H , which is a characteristic absorption of Biim. The medium bands at 1608 and 1397 cm -1 are, respectively, the asymmetric and symmetric stretch vibration of the carboxylate groups; Δ > 200 cm -1 shows the presence of monodentate linkages of the carboxylates in the dianions, which is consistent with the X--ray diffraction results. The bands at 1559w, 1483w, 1424w and 1257s cm -1 can be attributed to C=C and C=N 11-13 stretch vibrations of the imidazole ring. The band at 827s cm -1 arises from N-H bend vibrations, and those at 771w, 758w, 745w cm -1 can be attributed to C=C and C=N bend vibrations of imidazole. The band at 445w cm -1 is in the low frequency region and can be regarded as arising from the metal coordinated to the Biim ligand (Zn-N stretching vibration). 13 
Thermal analysis
The TG measurement was performed under a N 2 atmosphere at a heating rate of 10 °C min -1 . The TG curve of complex 1 is shown in Fig. 3 . TG curve of complex 1 shows a first weight loss of 31.4 % from 190 to 310 °C, corresponding to the removal of the pt ligand molecules (calcd. 32.9 %). Upon further heating, a weight loss (54.6 %) occurred in the temperature range of 510-595 °C, corres-ponding to the release of the organic ligand Biim (calcd. 53.9 %). After 600 °C, no weight loss was observed, which indicates the complete decomposition of complex 1. The residual weight of 16.8 % (calcd. 16.4 %) corresponds to ZnO. 
Computational chemistry research
The geometric structure with real frequence was optimized by the density functional theory (DFT) 14 method with a Becke one parameter hybrid functional (B1B95). 15 There were no symmetry constraints on the complex. In the calculation, the effective core potentials of Zn atoms proposed by Hay and Wadt 16 were employed, and a "double-ξ" quality basis set LANL2DZ was adopted for the Zn metal. There are lone-pair electrons and a conjugated system in the complex, the 6-311++G(2df, 2p) basis set was employed for C, H, O, N optimization, which involved 49 atoms, 1266 basis functions, 1895 primitive Gaussians, 118 alpha electrons and 118 beta electrons. All calculations were performed with the Gaussian 09 software package 17 and Natural Bond Orbital (NBO) 18 analyses were obtained based on the optimized geometries.
From Table I , it can be seen that the relative errors of the bond lengths and bond angles were all in the range of 0.00-0.04 %. This led to the belief that the employed theoretical method was suitable for complex 1.
The atomic net charges for complex 1 calculated in the NBO analysis are listed in Table IV It can be seen from Fig. 4 that in the highest molecular occupied orbital (HOMO, Orbital No. 118, Fig. 4a ), the electron is mainly located at the pt ligand, 
